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Abstract
An assay procedure for Neurospora malate deydrogenase
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To check whether, apart from the two possibilities discussed above, phosphorylation of fructose to fructose-1-phaphote
catalyzed by a ketohexokinose
OCCUR in Neurospom, whole phosphor/lotion was measured in crude extracts by “se of the following coupled enzyme test (Gottschalk - Lx. cit.
- ):
fructose + ATP kinarer

fructose-l-phosphate (or -6-phosphate)

ADP + phosphoenolpyr”v.te
pyr”w+e kinase
lactate dehydrogenase
pyr”va+e + NADH2

+ ADP.

-j ATP + pywate.
> Ioctate + NAD.

It is important in these tests to meas”re whole phosphorylation with and without substrate (fructose). Even in the latter case
a considerable NADH2 oxidation rate may be observed. Using extrcxts from 6-day-Id mycelia, the difference behveen whole
phosphorylation plus substrate and that minus wbstmte was equal to the phosphorylation values derived from the hexokinase
measurements. Therefore, in such extracts besides the enzyme(s) phosphorylating fructose (rt C-6, there is no additional enzyme
phosphorylating fructose at C-l. Occasionally, in extracts from young mycelia (3 days old), higher values were found by whole
phosphorylation +es+s than by hexokinose
tests. This at first was considered to be an occasional occ”rrence of ketohexokinose.
In the same moteriol, however, no phosphofwctaldalase (E.C.N o. 4. I .2.7) ac+ivi+y could be detected “sing combined tests
(coupling with glycerol-I-phosphate dehydrogenase and triose phosphate iwmerose
(TrUper I%4 Arch. Mikrobiol. 49: 23). The
presence of ketohexakinase
in N. crossa, therefore, is highly improbable. Th e occasional differences remain unexplained.
In order to ewI”ate the po;;ibmpathways of fructose degradation in Neumspom, a number of enzymes initiating different
pathways
hove been determined in elude extracb of fructose-grown mycelia:
E.C.No.

e”Zy*e

5.3.1.9

phosphoglucoisomerase

I. I. I

glucosed-phosphate

I. I.

.49

I .44

pathway

test method reference

618

HMP, ED

Cooper et al.1958Arch.
Biophys. 74: 306.

255

HMP, ED

24.3

HMP

pmoles/min/g

dehydrogenose

6-phasphogluconote dehydrogenose

4.2.1.12

6-phosphogluconate

dehydratase

4.1.2.~

2axo-3-deoxy-6-phosphogluconote

2.7. I. I I

phosphofructokinose

4.1.2.b

fructose-1,6-diphosphate

oldolose

al&lose

protein

0

ED

0

ED

<I

EM

I52

EM

Biochem.

Gottschalk et al. 1964 Arch.
-7
Mikrobiol. 48:95.
Gottschalk 1964 Arch. Mikrobiol.
49:%.
Beisenherz et al. 1953 Z. Natur-

6-phosphogluconate dehydrogenase was determined “sing the glucosed-phosphate dehydrogenase test with 6-phosphagluconote as
the substrate. The table indicates that fructose is not utilized via the Entner-Doudoroff pathway (ED), which resvlt w s expected
since this pathway
is typical for certain bacteria. As Blumenthal ( 1965 in The Fungi, Ainsworth
and Sussmon, eds., Vol. 1, Academic Press, New York) could show by isotopic mea~rements on intact cells, both the hexose monophosphote
shunt (HMP) leadOur results,
ing to the &dative pentore phosphate cycle and the Embden-Meyerhof pathway (EM) are present in Neuraspora.
demonstrating the presence of phosphoglucoiromertrse,
glucose-6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase,
However, we could not detect sufficient phosphofructokinase
and fructose l,6-diphosphote aldolase support these observations.
activity necessary for the initiation of the EM pathway.
Reincubation of the reaction mixture with AMP which is known to hove
Perhaps phosphofructokinase
is quickly degraded
a certain regulating effect “pan this enzyme did not result in higher activities.
by proteinares, or this enzyme -in vitro- acts only under conditions not completely fulfilled in our present investigation.
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Neurospara
malate dehydmgenase
( M D H , L-malate: NAD
oxidoreductase, E.C. No. I. I. I .37) is conveniently assayed
in the reverse reaction:
L-m&ate + NAD+ F=== oxaloacetak + NADH + H+,
by continuous spectrophotometric recording of the oxidation of NADH at 340 mp. (Munkres and Richards 1965 Arch. B&hem.
Biophys. 109:457).
Stock solutions: @) potassium phosphate buffer, 0.111 M, pH 7.4. Equilibrate at 25°C; (b) oxaloacetate (M.W. 132),
0.012 M, pH 7.4. Dissolve 8 mg of oxaloacetic acid in 5 ml cold phosphate buffer A. Store at 4’C. Discard after 5 days.
(C) NADH (NADH.2H20
, F.W. 696, S ignw Grade 111, 98%). Dissolve 7.10 mgTn 5 ml cold distilled water (2 x 1O-3 M).
Store at 4-C. Discard after 5 days. (D) radium phosphate, 0.05 M, pH 7.0. Store at 4’C.
Assay pydl;re:
To 0.85 ml of A in CI microcuvette of I cm lightpath, add 0.05 ml each of B and C and equilibrate in a
thermoreg”
oted
25°C) sample cham6er of a spectrophotometer
for at least one minute. A match<d cuv~tte containing water
is placed in the reference chamber. The absorbancy
at 340 mp should be about 0.650. Enzyme (diluted at least 5 min prior to
assay in buffer D) is added (0.05 ml) to the sample cuvette, the c”vet+e is inverted with a Pwofilm cover, and the change in

absorbency
at 340 mp is recorded for at least 3 min. An appropriate final dilution of enzyme from mycelial extracts containing
about 5 mg protein is generally 2.5 x 10m4.
One unit of enzyme is defined as that amount of protein catalyzing the oxidation
of one pmole of NADH in the first minute of reaction. The initial reaction velocity is linear up to 5 min and proportional to
protein concentration when the meowed activity is less than l/80 of a unit (corresponding to an absorbency
change of less than
0.08 per minute). Specific activity is expressed
as units per mg of protein. _ _ _ Department of Biologic.1 Sciences,
Stanford
University, Stanford, California.

Olsson, L. and H. G. KBlmork. A method for
detection of cotalase
mutants.

A screening method has been developed with the aim of detecting mutants of Neurosporo crassa deficient in clctivity of the
enzyme cotalase.
The strain used, m-25, is micracanidioting, with (I very compact colonial growth. Conidia were routinely irradiated (in a
concentration of 107/ml) with UV from D low-pressure Hg-lamp. Irradiation with doses to give 3-6% survival was carried out
in the dark to prevent photoreactivation.
The irradiated conidio were immediately diluted in Fries’ minimal medium and plated
on the surface of minimal ogor medium. Discs of thin terylene net (the meshes a-bout 0.4 mm2) were, after plating, superimposed
tightly onto the surface of the medium. The colonies are, after 5-7 days of growth in the dark at 2B’C, attached to the net and
can be partly removed with the latter, leaving a replica on the plate. Enzymatic testing can then be performed on one of these
replicas, leaving the other for isolations.
A 1.5% solution of sodium perborate (NaB02.3H20.H202)
was used as a substrate for the catalytic reaction, according to
the method described by Feinstein (1949 J. Bidl. Chem. 180: 1197). The solution was adjusted to pH 6.7 and made semi-solid
with 0.2% agar. In o typical experiment the net was removed and the remaining parts of the colonies flooded with tile substrate.
A distinct production of gas from the individ;a&&nies can be seen after a few seconds. Bubbles of gas, originating from
) 2 H20 + 02, collect wound each colony owing to the semi-solid suboxygen evolving by the reaction: 2 H202
strate. Colonies producing no, or very small amounts of,oxygen were isolated from the replica on the net, or, in some instances
when the colony grew submerged in the medium, directly on the dish.
About 60,000 colonies hove been tested according to this technique. 30 colonies were isolated as quasi mutants. None of
these proved to be entirely devoid of catalytic activity by a secondmy assay, but some showed a markedly reduced production of
gas as compared to the original strain. It is, in this connection, still on open question whether or nat o mutant is viable if ampletely devoid of catalase
activity,since this enzyme is generally acting as o detoxifier by removing H202 produced during metabolic reactions.
Some other methods were attempted, for instance using a 1% zoluticm of H202 as substrate for the enzymatic reaction, and
testing the colonies on the net. It was also tried to absorb KJ-stwch or KMnO4 into filter paper and use these preparations c~s
indicators for the presence or absence of H202. The net with colonies was dipped into a solution of H20 , then taken out again
and allowed to react for 5 minutes. Abrorbed
H202 is during this period decomposed by cot&se. Nornm 21colonies, therefore
show no color reclctian when subsequently placed in contact with the H202 indicator, while a catoloseless
mutant should be reThe latter mentioned methods, however, seem to be less reliable in practical use than
waled by a Positive reaction for H202.
the gas developing assay. - - - Institute of Genetics, University of Stockholm and Institute of Physiological Botany, University
of Uppsola, Uppsala, Sweden.
A technique for the induction of Neurosporo
tyrosinase
to high
levels of activity both on a small scale (in flasks) and on a
large scale (in carboys) has been developed. This procedure has
the advantage over the starvation method previously used in this
lclborotary of not requiring o change of medium during the run. It is about equally effective in inducing strains 69-l I130 (Ts)
and 4-137~ (TL). The data reported here ore for these two strains.
Induction in flasks: 125 ml Erlenmeyer
f!asks are prepared with 20 ml of l/2 strength Vogel’s medium N containing l/2%
sucrose. Each flak is inoculated with one drop of a heavy conidiol suspension and placed at 25X for 48 hours. Three mg. of
either DL-ethionine or D-phenylolanine are then added and the flask are placed on a reciprocal shaker and gently shaken at
25°C for two days. The flasks, yield from 60 to 120 m g wet weight of mycelium with an activity of from 250 to 500 Enzyme
Commission units per gram wet weight as determined by the method of Fling et al. (1963 J. Biol. Chem. 238:2045). Wild type
strains other thon69-1113aclnd 4-1370 have been induced by this procedure XthGgh many strains require different levels of
ethionine or D-phenylalonine for optimal induction than the 150 pg per ml used above. Still to be determined is whether any
ethionine is incorporated into the enzyme induced by this method.
Induction in carboys: Two and one-half gollon Pyrex carboys are filled with eight liters of l/2 strength Vogel’s medium N,
l/2% sucrose, and equipped with (I single glass tube for aeration and agitation.
Each carboy is inoculated with about IO9 conidia
and the flow of water-saturated air is adjusted to about 5 liters/minute. They are generctlly kept in the dark. After about 48
hours, I .2 g of DL-ethionine are added. Starting at about 2 l/2 days after the addition of the ethionine, samples are removed
aseptically from each carboy periodically and assayed in order to determine the time of the maximum level of enzyme activity.
Maximum activity is generally attained about 3 to 5 days after addition of the ethionine.
Slowly inducing carboys can often be
speeded by increasing
the air flow. Usually 50-80 g of mycelium ore obtained per carboy induced to a level of between 120400 Enzyme Commissionunitsper gram wet weight of mycelium. D-phenylalanine con also be used for induction in carboys although optimal conditions for maximum activity hove not been determined.
This work was supported in part by the Notional Science Foundation. - - - Biology Division, California Institute of
Technology, Pasadena, California.
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